In the last 10 yr, a new dental field called "periodontal medicine 1) " has been proposed, which draws attention to the relationship between periodontal disease and systemic diseases. There have been reports of an association between periodontal disease, which are chronic i n f l a m m a t o r y d i s e a s e s , a n d h e a r t d i s e a s e s . Epidemiological studies of the association between periodontal disease and heart diseases have been reported in the last 10 or so years [2] [3] [4] [5] [6] [7] [8] [9] [10] . So far, however, no clear conclusions have been reached. The objectives of our cross-sectional study of a large group of Japanese workers were to examine the association between the state of oral health such as the presence of periodontitis and two CHDs, myocardial infarction and angina pectoris. We here define CHD as myocardial infarction or angina pectoris, or a combination of both. The investigation was implemented using results of a baseline investigation of the "MY Health Up Study," which was conducted at a large insurance firm for the purpose of health maintenance of its workers.
Methods
In 2004, we started the MY Health Up Study, which periodically surveys the health status of a working population by routine health check-ups and questionnaires. The participants were employees of a financial firm in Japan. In October 2004, as a part of the MY Health Up Study, the "MY Health Up Questionnaire" was distributed to 43,064 subjects (8,891 males and 34,173 females). At the time we distributed the questionnaire, we explained the study's purpose and informed subjects that the study data would be processed and analyzed statistically on an anonymous basis. In addition, we informed them that those who did not want to be included in the study did not have to answer the questionnaire. Even those who filled out the questionnaire could subsequently opt out of the study by notifying the study coordinator (occupational nurse in the firm). The Institutional Review Board of the University of Tokyo approved this study protocol on the basis of ethical considerations (No. 1021).
We performed analyses using some of the items investigated in the questionnaire, including the following items: age, sex, body mass index (BMI), smoking, drinking, CHD at present, myocardial infarction (MI) at present, angina pectoris (AP) at present, tooth brushing, hypertension, diabetes mellitus, stress scores, loss of 5 or more teeth, periodontitis at present, risk number of periodontal disease.
The calculation of stress score was as described in the "The brief job stress questionnaire 11) ." The risk number of periodontal disease was defined as the number of "yes" answers to 3 questions regarding "Bleeding from the gums," "Some teeth are loose," and "Being told of having bad breath."
A total of 34,921 subjects (7,277 males and 27,644 females) answered the questionnaires. The recovery rate was 81.1% (male 81.8%; female 80.9%). Those who were 66 yr or older, whose BMI was less than 10 or over 50, or who did not answer any of the questions relating to the variables we used in our analysis were excluded, leaving 29,904 (6,816 males and 23,088 females) as subjects in our study. The final recovery rate was 69.4% (male 76.7%; female 67.6%). Bivariate analysis was used to study the relationship between the study variables and history of CHD, MI, or AP, and multivariate logistic regression analysis was performed, with CHD, MI, or AP as the dependent variable. Three models were devised: as an independent variable, model 1 had loss of 5 or more teeth; model 2 had periodontitis at present; and model 3 had risk number of periodontal disease. In the multivariate logistic regression analysis, we included only the study variables that had significant differences between those with and without CHD. These analyses were conducted for males and females separately.
Statistical analysis was performed using SPSS for Windows software (version 15.0J, SPSS Japan, Tokyo, Japan).
Results
In Table 1 , fundamental attributes, risk factors of CHD, and 3 evaluation indices of periodontal disease -loss of 5 or more teeth, periodontitis, and risk number of periodontal disease-are classified by subjects with a In multivariate logistic regression models, only the study variables which had significant differences between those with and without CHD were included.
history of CHD and those without. Among 64 subjects with CHD in males, 32 subjects had AP alone, 25 subjects had MI alone, and 7 subjects answered that they had both AP and MI. Among 86 subjects with CHD in females, 61 subjects had AP alone, 16 subjects had MI alone, and 9 subjects answered that they had both AP and MI. Table 2 shows the age-adjusted odds ratios of evaluation indices of periodontal diseases for CHD, MP, and AP in logistic regression analysis, for males and females. Age-adjusted odds ratios of the three evaluation indices of periodontal disease for CHD were all statistically significant both in males and females. Table 3 shows the results of multivariate logistic regression analyses performed using the 3 models described above in Methods. There was a significant association in females between loss of 5 or more teeth and CHD.
In multivariate logistic regression analyses between the evaluation indices of periodontal disease and AP, there was a significant association in males between loss of 5 or more teeth and AP (odds ratio (OR)=2.11, 95% confidence interval (95% CI)=1.03-4.34), and there was a significant association in females between periodontitis at present and AP (OR=1.73, 95% CI=1.02-2.91). There was no significant association between the evaluation indices of periodontal disease and MI.
Discussion
The present study demonstrates that there was a significant association in females between loss of 5 or more teeth and a history of CHD after odds ratios were adjusted for age and risk factors of CHD.
Loss of 5 or more teeth was defined as one of the evaluation indices of periodontal disease, when number of teeth lost was categorized. Paunio et al. defined the total number of teeth as 32 and divided study subjects between those with loss of 8 or less teeth and those with loss of 9 or more teeth 3) . Because our definition excluded 4 wisdom teeth, the above two definitions are nearly identical. The risk number of periodontal disease was based on 3 items included in the "MY Health Up Questionnaire." The 3 items are symptoms of periodontal disease caused by inflammation. Risk of periodontal disease is likely to increase with the number of "yes" answers to the 3 questions. So far, no report has used evaluation indices of periodontal disease comprising the above combination.
Regarding sex, the prevalence of periodontal disease is said to be higher in males in general. Therefore, we conducted multivariate logistic regression analysis for males and females separately. As for the associations of BMI, smoking, tooth brushing, or diabetes mellitus with CHD, there was a weak significant association between CHD and BMI in males (Table 3) . A study on the association between psychological well-being and oral symptoms has been reported 12) . Another previous report suggested that occupational stress was related to the progression of periodontitis 13) . In the present study, stress was measured using questionnaires and limited to stress at workplaces. Even after adjusting stress scores, there remained a significant association in females between loss of 5 or more teeth and CHD (Table 3) .
Not all risk factors of CHD are related to periodontal disease. Adjustment using too many risk factors of CHD will possibly lead to over-adjustment 14) . Therefore, we conducted multivariate logistic regression analysis excluding the study variables which had no significant difference between those with and without CHD. If correlations among the variables used in this study had been high with each other, over-adjustment may have happened. We calculated the correlation coefficients among independent variables in males and females separately; however, there was no extremely high coefficient of correlation among independent variables used commonly in all the models.
One of the strengths of our study was that the sample size consisted of nearly 30,000 people. This cohort size is larger than those investigated in previous studies. Another strength was that stress was taken into account in the models as an independent variable. While a study that included nervous breakdown as a risk factor has been reported 8) , our study focused on occupational stress. After adjusting for occupational stress, our study indicated a significant association between loss of 5 or more teeth and a history of CHD in females.
A limitation of the study was that we used questionnaires, which can introduce recall bias, and/or reliability of variables may not be high. Also, because the study was a cross-sectional one, cause and effect relationships are unclear between periodontal disease and CHD.
The present study using a questionnaire was a baseline study. In the future, the incidence of heart disease, particularly CHD, in the same subject group, will be pursued.
